This study aimed to evaluate the efficiency of natural biocides, brown and green propolis, for the control of bacterial contamination in the production of sugarcane spirit. The treatments consisted of brown and green propolis extracts, ampicillin, and a control and were assessed at the beginning and end of harvest season in ten fermentation cycles. In the microbiological analyses, the lactic acid bacteria were quantified in the inoculum before and after the treatment with biocides, and the viability of yeast cells during fermentation was evaluated. The levels of acids, glycerol, total residual reducing sugars, and ethanol were analyzed for the wine resulting from each fermentation cycle. A reduction in the number of bacterial contaminants in the inoculum in the treatments with the natural biocides was observed, but it did not affect the viability of yeast cells. The control of the contaminants led to the production of higher levels of ethanol and reduced acidity in the wine produced. The results of the use of brown and green propolis to control the growth microorganisms in the fermentation of sugarcane spirit can be of great importance for using alternative strategies to synthetic antibacterials in fermentation processes including other distilled beverage or spirits.
Introduction
A major challenge in the production of spirits is the presence of antibiotic residues, which have recently become a major consumer concern and has been regulated by food and health regulatory agencies throughout the world (Food Standards Agency, 2011) . Therefore, efforts have been made in search for alternative organic bactericides that maintain beverage quality while complying with market demand and food and health regulatory agencies' demands.
Alcoholic fermentation is one of the major stages of distilled beverage manufacturing, and yeast is the microorganism responsible for fermentation. In order to develop properly, the yeast requires a substrate with specific levels of sugars, pH, temperature, and nutrients among others (Amorim, 2005) . However, bacterial contamination can occur in this process, which can cause secondary fermentation and result in the formation of undesirable products such as acids (Camolez & Mutton, 2005) . Consequently, it can affect the yield of alcohol produced and the producers' economic return (Amorim, 2005) .
It is known that bacterial concentrations of 10 9 ColonyForming-Units (CFU mL -1 ) can result in a sharp decrease in the alcoholic yield thus requiring the use of antimicrobial agents together with adequate hygiene practices (Amorim, 2005) . Among the common biocides is ampicillin, a synthetic type of penicillin, capable of inducing lysis in bacteria (Kohanski et al., 2010) . However, the continued administration of these antimicrobials can lead to the creation of resistant strains, raise the process cost, and allow the incorporation of residues in the product lowering the beverage quality.
Among the natural biocides that can be considered when searching for solutions to this problem is propolis, a resinous bee product that has an efficient antimicrobial activity against a variety of microrganisms (Sforcin & Bankova, 2011) . The mechanism of action of propolis has been attributed to inhibition of cell division, cell wall destruction, cytoplasm disorganization, alterations in the cytoplasmic membrane, and inhibition of protein systhesis (Takaisi-Kikuni & Schilcher, 1994) . However, there is no literature available on the antimicrobial effects of propolis on fermentation processes during distilled spirits production.
The purpose of this study was to compare the efficiency of natural biocides with that of conventional biocides (ampicillin) that have been used by industries to control bacterial contaminants of alcoholic fermentation. Therefore, the effect of brown and green propolis on the control of bacterial contaminants and on yeast viability as well as the quality of wines intended for the production of sugarcane spirits at the beginning and end of the harvest season were evaluated. Bebidas, 2014) . The results of the use of propolis in the fermentation of sugarcane spirit obtained in this study can be of great importance for the alternative and organic control of contaminants of fermentation processes intended to the production of other distillates.
Green and brown propolis

Material and methods
The experiment was conducted in parallel to the production of sugarcane spirit in the region of Uberaba, at the beginning (July/August) and end (October/November) of the 2009/2010 harvest season. The sugarcane variety SP 70-1406 was used. It was harvested without previous burning of straw and processed immediately after harvesting. The juice extracted by milling was sifted and sent for must preparation (Amorim, 2005) .
Antimicrobial preparation
The active ingredients of brown and green propolis (collected respectively in the municipalities of Guaxupé and Patos de Minas -MG -Brazil) were extracted from a mixture of 25g of crushed propolis in 100 mL of 80% ethanol (v/v) under stirring in a thermostatic bath at 70°C for 30 minutos (Park et al., 1998) . The ampicillin solution was prepared by grinding a 500 mg tablet into a fine powder in a mortar, which was diluted in 100 ml of distilled water and autoclaved at 121°C for 15 minutes.
The doses were established in preliminary experiments conducted to evaluate bacterial growth inhibition without affecting the yeast viability; 700 ml/L of propolis extracts and ampicillin solution were used.
Microorganisms and alcoholic fermentation
The microorganism used in the fermentation process was Saccharomyces cerevisiae, a commercial pressed yeast, at the concentration of 30g (7×10 8 cells/mL) per liter. Batch fermentations were carried out, and the yeast was recovered by decantation in stainless steel conical bottom tanks (total capacity of 4.5 L).
The treatments consisted of four different musts: control (without addition of biocides), brown propolis extracts and green propolis, and ampicillin solution. each treatment included 2.5 L of must at 14°Brix divided into two groups (1.0 L at the first feeding and 1.5 L after an interval of 60 minutes).
Ten fermentation cycles of 18-24h were conducted. every two cycles, the yeast was washed with distilled water and the biocides of each treatment. After the end of the 4 th fermentation cycle, 10g of inert material and dead cells that were in the bottom of the tank were removed.
Quantification of bacterial contamination in the inoculum was performed before and 1 hour after the treatment with biocides by inoculation into specific MRS solid medium (yeast extract -5g, peptone -10g, beef extract -5g, dextrose -20g dipotassium hydrogen phosphate -2g, tween 80-1g, sodium acetate -5g, magnesium sulfate -0.05g, and agar -15g per liter of medium, and addition of cycloheximide -100 mg/L) (Silva et al., 2003) .
To determine the yeast viability, the number of cells and viable and non-viable sprout cells we quantified using a Neubauer chamber (Silva et al., 2003) at the beginning (30 minutes after the last feeding) and the end of the fermentation cycle (after approximately 24 hours, when the Brix reading was in the range of 1 ≤ 1 hour).
At the end of each cycle, the yeast decanted was recovered for wine separation. The wines were analyzed for glycerol, alcohol content, total acidity, and total residual sugars (Silva et al., 2003) .
Experimental design and statistical analysis
For the inoculum microbiological analyses and wine technological analyses, a split-plot factorial design in a completely randomized block with three replications (4×2×10) was used including three biocides (brown propolis extracts, green propolis, and ampicillin) and a control, combining the treatments at the beginning and end of the harvest season in 10 fermentation cycles.
Results and discussion
The first step was to evaluate the raw material for the levels of acidity and lactic acid bacteria contaminants. Raw material quality impairment (relationship between total acidity and lactic acid bacteria) was observed in both period of times studied, but this effect was more pronounced at the end of the harvest season (Figure 1) . The data confirm the need for antimicrobial agents to control such contaminants in order to reduce competition with the yeast for the substrate.
These findings are similar to those found in the literature (Mao et al., 2006; Bhatia et al., 2009) . Although the results are similar, this is considered preliminary information on the use of sugarcane in an organic production system of sugarcane spirit. This fact may be related to increased temperature and humidity in the plant growth environment since sugarcane harvest season begins during cold and dry periods and progresses towards hot and rainy periods, thus providing more favorable conditions for the development of bacterial contamination in the raw material (Lavanholi, 2008) . Furthermore, the increased water availability and high temperatures increase vegetative growth, thereby increasing the production of organic acids (Celestine-Myrtill, 1990 ) and a possible aggregation of the acidic compounds formed due to the higher concentrations of contaminating microorganisms at the end of the harvest season.
Next, the effect of the antimicrobial agents on the number of lactic bacteria present in the inoculum at the beginning and end of the harvest season was evaluated. As expected, there were higher concentrations of contaminants in the control experiment (in the absence of antimicrobials), whereas the use of propolis extracts and ampicillin inhibited the growth of lactic acid bacteria in the two different season periods studied (Figure 2 ) and during the fermentation cycles (Figure 3 ). In the control experiment, the highest level of microorganisms was observed at the end of the harvest season (Figure 2) , and there was a progressive growth in the number of microorganisms during the cycles, but the difference between the second and the tenth cycle was significant (Figure 3 ).
Although the effective action of these products has already been demonstrated (Burdock, 1998; Sforcin & Bankova, 2011; Afrouzan et al., 2012) , this is the first report on fermentation process control. The identification of the components responsible for the effects of natural antibacterial compounds used was not the objective of this study. However, it can be said that the antibacterial mechanism of brown and green propolis may be related mainly to phenolic compounds, flavonoids, and terpenes, the major components of this resin (Isla et al., 2005; Sobocanec et al., 2006; Loureiro & Galbiati, 2013) . Nevertheless, these molecules alone do not characterize propolis in terms of its antimicrobial activity, which actually depends on the region where it was produced (Silva et al., 2006; Cabral et al., 2012) , the production period, geographic region, and type of material collected by bees substantially affect the concentration of bioactive compounds (Miguel et al., 2014) . Further studies are needed to confirm this assumption by identifying the components responsible for the antimicrobial activity in the control of the fermentation process.
Since the viability of yeast cells depends on the microbial activity and on the acidity resulting from the activity of these microorganisms, the next step was to evaluate the activity of antimicrobial agents by quantifying the yeast at the beginning and end of fermentation. When there was no antimicrobial agents (control treatment), a marked reduction in the viability of yeast cells in 10 cycles was observed (Figure 4) . However, the use of propolis extracts (green and brown) maintained yeast viability, with growth rates above 90%. These results are similar that found by Montijo et al. (2014) with observed reduce of cell viability in 10 cycles of fermentation for control treatment. The use of biocides maintained yeast viability at the beginning and end of the process and throughout the 10 fermentation cycles. These results are in agreement with those reported by Cigut et al. (2011) , who also did not observe a negative effect of propolis on the number of live S. cerevisiae cells when compared to that of the treatment without addition of antioxidants. The reduction in the levels of lactic acid bacteria and the consequent decreased acid production and other inhibiting compounds are likely explanations for the better yeast viability observed. Cell viability is the major stress indicator in yeasts, and the higher the percentage of living cells, the better the fermentation performance (Basso et al., 2011 ). These results demonstrate the ability of propolis to increase substrate competitiveness favoring the maintenance of viable yeast cells during the fermentation cycles.
After fermentation, the total acid content of the wine produced was quantified since it results from the metabolism of contaminant bacteria (Basso et al., 2011) . Due to the increase in the microorganisms in the inoculum, there was higher production of acids after the fourth fermentation cycle, and that treatment without antimicrobial addition showed the highest mean values, followed by brown propolis, green propolis, and ampicillin ( Figure 5 ). It should be emphasized that the amount of acid produced by the microorganisms subjected to the action of green propolis and ampicillin was the same in all cycles.
These compounds result from the metabolism of the contaminating microorganisms of fermentation (Wu et al., 2010) and were probably controlled by the addition of biocides. These results corroborate the findings of Camolez & Mutton (2005) , who reported an increase in acidity in fermented sugarcane must due to an increased number of bacteria in the process. A decrease in the acid content is desirable since when there is conversion of sugars present in the substrate to acid, the fermentation yield decrease because these carbohydrates are no longer used by the yeast for the ethanol production (Camolez & Mutton, 2005) . Furthermore, lower acid production during the fermentation process is essential for the quality of the sugarcane spirit since these compounds may result in products with an acidic characteristic, consequently reducing their market value (Odello et al., 2009 ).
As a result of the yeast metabolism, there is the production of ethanol, which is directly influenced by contaminating bacteria since they compete with the yeast for the substrate and can transform sugars into other undesirable compounds such as acids (Camolez & Mutton, 2005) . The addition of antimicrobials to the fermentation process resulted in wines with higher alcohol content compared to those of the control treatment, and the green propolis extract and ampicillin showed the highest mean values (Figure 6 ).
The use of antimicrobials in alcoholic fermentation resulted in increased alcohol content in the wine produced. The reduction in the number of contaminating microorganisms in the inoculum, induced by the action of biocides, probably caused a decrease in the competition for the substrate between bacteria and yeast, thus leading the conversion of sugars to ethanol. Similar results were found by Camolez & Mutton (2005) and Basso et al. (2011) , who observed a relationship between the increase in the number of bacteria in fermentation and a consequent increase in the acids and a decrease in the ethanol production in wine. It is worth mentioning that the fermentation performed with green propolis extract resulted in an increase in the alcohol content in the wine by 7%, suggesting a better performance of the production process.
Conclusion
The natural biocides, brown and green propolis, maintaining yeast viability, decrease in the level of acids and a increase in the production process yield.
Based on these results, it is suggested that propolis extracts are assessed in fermentation processes intended for the production of beverages, fermented foods, and biofuels among others. 
